The MSSM Higgses
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h, H cross sections

M. Spira et al.
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A production

M. Spira et al.
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MSSM Limits - my, vs tanﬂl
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I MSSM Limits - m4 vs tanﬁl
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MSSM HIGGS Searches

Channels investigated :
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Significance contours for SUSY Higgses
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Problems with top-stop interference

and reduction of h — yy signal observability

.

Fermiolab 7
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Fig. 1a: SUSY loop effects on R(h — vv), R(gg — h) and their product as a &L, %
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Discovery reach for MSSM Higgses in ATLAS

- ultimate reach with 300 fb!
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Mass detérmination in A --»ﬁ J
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Higgs recoil is significant in this class of events!
thus improved rec. efficiency and mass resolution
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Signal/background with 2selected 7 jets, E, > 60 GeV, Ad(jj) < 175°

Events for 3+10'pb™ / 40 GeV

Events for 3¢10'pb™ / 40 GeV

Events for 400 GeV < m,, <700 GeV:
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from HS_usy bb final states:
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Higgs mass reconstruction in
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gg->A’bb in MSSM

M A=500 GeV
AO-> TT-> T T +X
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50

Significance contours for SUSY Higgses

Regions of the MSGSM parameter space (my, tgf3)
explorable through various SUSY Higgs channels
® 5 ¢ significance contours
e two-loop / RGE-improved radiative corrections
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Significance contours for SUSY Higgses

Regions of the MSSM parameter space (my, tgp)
explorable through various SUSY Higgs channels

e 5 ¢ significance contours
e two-loop / RGE-improved radiative corrections

®Miop = 175 GeV, mgygy = 1TeV;

17 | 1 :
i ‘
CMS, 310 pb’’
no stop mixing
Hgysy—=? Tt e+ U+ X
‘, bEHsusv"bETT—>9+H+ b-jet+X f
‘,t HSUGY_) T """g :t+T = ]et +X ‘:
H: > 1y f‘ﬁ 7 '
0fpe |\ /

e Hgusy — TT—T-jet +T-jet +X
J S )
/ e o gl ©

100 200 300 400 500

my (GeV)



(o) (e

00S  0Sr  OLy OSE  0OF  0ST  DOZ  ©0SE 001 0% opg - 05y QOF. QeL 0OF OS2 002 OSk  00L 05,

-9 08 =P 1€
-9 001=1P1f ~---
-9 00€=3PT ——

o]
T Y
L]

S N —

G4 0 =1P7S

-4 001 =3P ="
-9 00€ =3P S -\

U] =+

-

<« v/H

Q@@ o0 =+

\
\)
A
Q- oW

S TN S S B S

S - \%%. N

IESSH
Li <~ V/H | e

0y O

} O g 1ok
o5 =
1™ 4 0g ™

4 oz

W peo @@\;x\é\m / $%§,§Q\ u&w\ﬁ&m\% VA4
b wods @wwgw\&x \% %Y YR



h,AH— Ul



HY

.A@Q Q\W\\ =Yy

(AsD) -+
O00¢ 061 08L OLL 091 OSL OFL OEL Q21
of | T _ T T | | 10
or J
_“ m?ia.iin: =
B = 00}
[+ B e TR A i
” Wrﬁnmﬁ..-..f M r..J!.J
- b -~ 400z
19l psbbe) g suo mn_N .
3 Z> (1l N 008
} % ’
L A®D 0§ vm‘m_ﬂ,_._m\ % Jooy
[ 1.9d 01 "uin| W) 1
: i "4 oos
- AeDost="w _
| I | ] | | | ] 009

(AeD) -+

6 00Z 061 08l 0Ll 091 OSL Ol OSt OZ)

I I 1 I I

b

¢

10l pebibe) g suo
z>(siel N
1
A®D 053, 3
1-ad g0 "upng “juy
P n ue)}
- A2 051 =Yw
B i 1 I | |

II'I'T'I'I"I"I'IT'IIIIII!['III'I

A\BE) / SJUBA]

orl  SgL 0Bl Sgi 02k SHE Ol S0

¥z aa

L ) o 0O L Y W R O [ L I O D o

A7) o) =

(AneD) MMu

Wi

_-__—_uq-__-___d *-_mm_—_

__-an_l

31

I

}-ad g0t

Gej-q aibuis le
i «—u'H'Y B
ABD 601 = Yw
A0 522t = Hw
02 = fuel 'A9D 021 = Yw

A A S o i MR R i (Sl

I "‘i"""i[

_—__m.___________—_h_“__-___u______l

(Aep) MM

orl  SEL OBL  S2F 021 SH Ol S0l

waw___‘muw_-____m_ _w._-__

-

i

Hv Y

_..ﬁ_a maw
Bey-q a16uis
il «— y'H'y

r

|||||||||113.J.J.J.lr||l

ASD E'Z1L =YW
AeD g1zl = Hw
= fjuel ‘neD 021 = Yw

N P R WV AL S L o o et V) LR 0 e |

A | ir

___n__w___u__-_m__m_n__w

I L B |

| . |

sajels [euy ASNSH qq

ul

..‘._\._+_—._ < }mﬁm_l_

oot

st

0oe

0se

002

0se

A®D / 1-ad g0 10} SULAT]

A®D / 1-ad g0 | 10§ SJUBAT



Significance contours for SUSY Higgses
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Regions of the MSSM parameter space (m,, tgp)
explorable through various SUSY Higgs channels

® 5 ¢ significance contours
e two-loop / RGE-improved radiative corrections
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hyigy -> bb in tth and Wh in ATLAS

from the results obtained for SM search
rates can be enhanced by 20-30% compared to SM

50 discovery contours for the tth and Wh with h -> bb
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" Search for SWMSSM Higgs

r@m i ‘3 |

through_ttH production witr H - bb

 Shape of mmbmatorlal background requires rewnstructmn of
both top quark decays : t— jjb and t— Ivb (I=e,1 for tngger)

* Require 4 b- tagged jets + 1 lepton + 2 non-b jets (€. = 3.5%)
. Remnstruct H —> bb mass peak above backgmund from tt+jets
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| ‘l"‘:]‘.s‘ignc:l+bockground ‘
- bdékgmund ‘
gL Hl true H=>bb

30
20

For 3 10 ph (low Emmmmﬁy)
and for my = 100 GeV in SM,
expect to observe in a mass bin
from 80 GeV te 120 GeV :

o7 m,m}i events &h@w

145 background events

(mainly from mbh seam}l titjj)

—> %ﬂ@wmﬁ‘mmw zalherma ﬁ’w
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i ‘400 Possible also m mm Eumnmmmﬂ’

Thas mhannel cwem a Harga region of MSSM parammer space

ATLAS Cellzboraiion
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Significance contours for SUSY Higgses

50

Regions of the MSSM parameter space (m,, tgpB)
explorable through various SUSY Higgs channels

e50 significa'nce contours
e two-loop / RGE-improved radiative corrections
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Discovery reach for MSSM Higgses in ATLAS

- ultimate reach with 300 fb™!
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Most recent studies
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gg -> H*tb, H* -> v, t->qqb

g
t \T
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T polarization in
gb -> H*t; HY -> 1, t-> bqq

Main contributions to 1-prong decays

T->Tty 12.5%
1> ptv = ninly 26%
T—>a;v —> nnlndv 7.5% -

Effect of T polarization in H* compared to W* decays:

+

+ T Vv Tt
- Ht —» - W ——
v . w LAY
e e e o -f— T —
g o

harder pions from T *->n"v and longitudinal

components of p and a; in H¥ than in W*

Polarization included with TAUOLA package by Z. Was et al.
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Event generation with PYTHIA

T decay with TAUOLA
pp — tHi,H:I: —> 11, t — qgb
ID 20005
Entries 6099
Mean 48.67
RMS 41.67

pp —> tHi, H:t — 1, t —> qgb

+
T —> T +\u(+m ‘ﬁ@l
m, = 200 GeV

0 20 40 60 80 100 120
p." (GeV)

= ID 30005

F Entries 12219

3 Mean 24.95

- RMS 25.20

=8 tt, W, =& Tv, W, — qq

F + %

3 T —=> 1T 4+ v (—f Y8 b[f/j

0 20 40 60 80 100 120

p.” (GeV)



R. Kinnunen

gb ->H*t; H->1%V, t->bqq

CMS preliminary

Production in PYTHIA through:

gb > H*t

For mx=400 GeV, my,=407 GeV, tanf} = 30:

oc=13pb st VR et il
A B0 g aCce
149 gf:hﬂ?a____
BR(H* ->Tv) from HDECAY:
my,=407 GeV, tanf} = 30 14.1%
my,=214 GeV, tanf} = 15 36.8%

il




Event selection for tHY, Ht ->1v. Tt ->ht + X

1) T selection:

jet, E;> 100 GeV, In | < 2.5 containing
one track with r = p/ EJ*'> 0.8, AR(jet,track) < 0.1
no other track, p, > 1 GeV, in AR(jet,track) < 0.4

2) E™S > 50 GeV

3) W mass reconstruction, Imjj - my | <20 GeV

4) one tagged b -jet, E;> 30 GeV,In1<2
containingA tracks, p0.9 GeV, O'ip;a2

5) top mass reconstruction, Imy;, - my,, | <20 GeV

6) m(T jet, Etmiss)



s
% < /%f; /gcj (/((‘f/‘é,)( 79 7 /jPanVW@
< Aen'dd v
mt(’r ] et, E[miss)
signal / background for 3 * 10 pb'!
no Ad(t jet, E™%) cut

pp —> tHi H:I: —> 7v, t —> qgb

102
]-IJ-LLFL my = 400 GeV

Events for 3x10°pb™ /10 GeV

0 50 100 150 200 250 300 350 400 450 500
. I
m(T jet, E™*) (GeV)

m, = 200 GeV
tang = 15

10 F
- signal

Events for 3x10%pb™ /10 GeV

0 50 100 150 200 250 300 350 400 450 500
m(7 jet, E™*) (GeV)



MPisco Vey //@//ﬂ(ﬁzz/}_ /«f/i? }%/ 2y )
ﬁ 2. /0 {/74 v — pz@é‘m'&cwy
H" -> tv for myy, > my,, from pp -> tH”

@ Interesting discovery channel for HY, my, > m,,

¢ Preliminary results:

Events for m(t jet, E™%) > 150 GeV, 3 * 10% pb’!

signal, my =400 GeV (my, =410 GeV), tanf = 30 16
signal, my =200 GeV (my, = 217 GeV), tanff = 20 15
tt, W, ->1tv, Wy ->qq 17

@ parameter space coverage for 30 fb’!

T T T | ! I ! ] '
cMs, 3-10% pb?
50 - J ‘ 7
HE - v : ‘ y
| 10 pb7?
40 - j HY = 1v N
. AHh- T
2 30} A H hott  PEatjet+ X -
! a+p+X ‘ 4
-‘:‘ i F A H—" TT — h++ h -+ x
20 = fjf: I ]
10F -
R i o i bt g
. NLEPI}Vs=200GeV |, |, | g
200 400 600 800 1000

my (GeV)

® W + jets background and optimisation of signal selection
efficiency under study
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Precision meaurements
on MSSM Higgs bosons

- Masses
-tg B

D.D. 102
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Atanfiang ( %)

® Higgs production rates: o X BR

* typical precisions: 7% -20% (depending on mass and
MSSM parameters)
Vsiemes: §T’M‘_», %‘g__n HMMMH*\& f:; g;:}h{,,

* dominant SY

* rate of H-— ZZ(*) — 4/ allows disentangling
SM/MSSM (~10 times smaller in MSSM)

e rate of A/H — 11, uu allows measurement of tg3
ATLAS
% Lk =300 "
E.- Tl 72 54 apins Ba= R0V
= M -
m,=300GeV & |
1o = .
ol HAA—»TT ™,
. i 1
1 M‘%ﬂ
M AR g
s
2o k A LA 1L 138 I i
I 1]
tanfi
e =
N
ol m,=150 GeV
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Dilepton invariant mass vs tan f3

at fixed my = 100 GeV, myp =190 GeV,Ag=0, p <0

M= 100 GV, myo = 180 Gov Mg =100 GeV, my, = 190 GeV
n=>0,Ag=0 n>0,A5=0
10° a) tanp=2 ce i
b) tanp =10
/ ete, ptyw ~ ) Ba
> L= 5+10% pb”” & 102 L= 5+10° pb™’
O L )
10%F - hllny -
w 108 T e |
& | etyF - ;"lrl @ ¥
c \ e e = :
@ - L wr i u-l 4
L W, | o
10 Ay :
5 e
' SM ,ﬂl i
] ] | ] I ﬂﬂ_ 1 " 1 | |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
-
M(e+e-) (GeV) M(e+te-) (GeV)
mg = 100 GeV, m, , = 190 GeV mg = 100 GeV, m,,, = 190 GeV
1>0,Ag=0 n>0,Ag=0
¢) tanp =15 d) tanp =25
Lin= 5+10° pb”? Line= 5+10° pb”’
= - ee, uu
O] O "
Lo To)
T —— ]
2 @ 10
G g |
i g
" e
1 SM : ;Q
18
] | | i i | 1 I o
0 50 100 150 200 250 300 0 50 100 150 200 250 300

M(e+e-) (GeV) M(e+e-) (GeV)






nggs Total Widths Juumou
Jonye

102 E 1 ll) T T 1 T 1 l T T 1 | | I I I . = M’Z{Qu gl)ock
SR R — ]
1ol = —= [0 Gel/
> = AT
'Ci')v _t 8 T -2
 tan i
et 109 £ e J, @V‘
= » é -
= 7 =
E _'}7 ''''''''' 4 !ﬁ" igﬁﬂlﬂ
10-1 - -0 °
S : ] i
i N —P
3 i AR
= 02 A eoutdd be
—- : A
g: 1| = | mstnpzlooo GEV g ..Q)Mf;ﬁ'm
j no squark mixing - ﬁ 54 /MV
s L | | | fot
10 :3 (l | | | | | 1 | 1 i | | |
0 100 200 300 400 500

Higgs Mass (GeV)

Figure 6: Total width versus mass of the SM and M55M Higgs bosons
for m; = 175GeV. In the case of the MSSM, we have plotted results
for tan = 2 and 20, taking m~ = 1TeV and including two-loop/RGE-
improved radiative corrections, neglecting squark mixing; SUSY decay
‘channels are assumed to be absent.




u,,f«1§pa“mw

Heq for 10%p0"" fGel

S VY

Mf)/

eo0 Dimuon system invariant mass distribution, signal over background
m,=150 GeV

tanfi =

Int. lumin, 10° pb ™
E™ < 50 GeV
N(jets) < 2

one B tagged jet

130 140 150 180 170 180
Dimuon system invariont mass (CeV)

em invariont moss distribution, signol over background

my= 150 GeV I
n -

int. lumin, 10°* pb ™

E™ < 50 Gev

N(jets) < 2

one B tagged jet

140 150 160 170 180
Dimuon system invariant mass (GeV)

Mog Tor 10%p0" fGeV

e Search for bbHgygy; Hsusy — ptp™
e Signal over background,

e my = 150 GeV

e tanf = 15,\30, 50

e The following cuts are used:

— Ems < 50GeV

— No. of jets with p; > 30GeV is
less than 2

— At least one b-tagged jet:

* the number of tracks with
oip > 2 and p; > 2GeV
in the jet is greater than 3

Dimuon system invariant mass distribution, signal over background

00
my=150 Gev
tan g8 =

w00 In:‘.- lumin. 10" pb ™
E™ < 50 GeVv
N(jets) < 2

one B tagged jet

&

b

g

130 140 150 160 170 180 190
Dimuon system invariont mass (GeV)



h (MSSM) Higgs
detectability at LHC
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MSSM Higgs bosons

Assuming SUSY particles do not contribute
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Ratio of SUSY to SM Squared Couplings
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If SUSY particles contribute (done in mSUGRA)
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h — bb production
in massive § and § cascade decays

CMS Coll. meeting Sept 99 -15



h — bb production

in massive q and g cascade decays

mSUGRA

mop = 500 GeV, mq/o =500 GeV, A;=0
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mSUGRA : m =1000 GeV, m,,=500GeV, A =0, tanP =35 | >0
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Higgs production in cascades (mSUGRA)
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Domains of visibility of the h— bb peak Domains of visibility of the h — bb peak
with nominal CMS performance in mSUGRA-SUSY with nominal CMS performance in mSUGRA-SUSY
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@ [/A/H" can decay to SUSY particles (h too light)
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tanb= 3. A= 1400.GeV u= —250.GeV my,,= 200.GeV
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Heavy Higgs H/A decaying into charginos/neutralinos

H/A —> yyx — 4 leptons + o' (SUGRA)

» 2 pairs of OS-SF leptons,
* thight jet veto to supress SM bed.
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Conclusions

¢ The SM Higgs can be searched over the entire
expected mass range (my ~ 0.08 to 1TeV)
with a good safety factor

- most demanding is H—yy for 90 < my < 130 GeV

- there is a "weak spot " at my, =~ 165 + 5 GeV where
the significance for a completely reconstructed
mass peak is marginal, but the WW channel would
allow unambiguous observation

Precision measurements are possible:

- the Higgs mass can be determined to a ~0.1% level

- the Higgs width can be determined to a ~5-10% level
- the 6*BR can be determined to a 5 - 10% level

- ratios of Higgs couplings to fermions (tt, bb, 1) and to
vector bosons (WW, ZZ) can be determined from gg > H,
WH, qg qgH production, with decays to vy, 4l, tt, 2I2v ...

e In the MSSM Higgs sector most of the parameter
space (tgp, m,) can be explored with 10° pb-1

the region 3 < tgf} < 10, 120 < mp < 220 GeV
is difficult, would require > 10° pb-1
or exploitation of h ->bb modes to be fully covered

In the intermediate tgp region disentangling SM and
MSSM from Higgs measurements alone is hard
with only h detectable in the decoupling limit

In large portions of parameter space % level
precision measurements of masses and tgp are
possible
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